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VALUE ENGINEERING APPLIED TO AN IBM LEVELING SCREW (A) 

This case provides a brief look at the methodology of Value 
Engineering. A leveling screw for the IBM 1311 disk storage drive was 
assigned to students in an IBM Value Engineering Seminar. The students 
applied their newly learned techniques to redesign the leveling screw to 
reduce cost while maintaining function. Their solution was so successful 
that it was put into production on many IBM systems resulting in over one 
million dollars in savings. 



(5) 1972 by the Board of Trustees of Leland Stanford 
Junior University, Stanford, California. Prepared by 
Prof. R. Piziali with support by the San Jose Division 
of IBM Corporation. Assistance by W. Goddard, M. Johnson, 
J. Minick, G. Pastre, and Sheldon is gratefully 
acknowledged . 
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VALUE ENGINEERING APPLIED TO AN IBM LEVELING SCREW (A) 

It was at the very first Value Engineering seminar and on project 
#1 that Charles Hallstrom and Ken Ravizza produced a classic example of 
what can be accomplished by Value Engineering. Their project was to 
apply value technology to leveling screw systems used on the 400 lb. 
1311 disk storage drive. The leveling system (Exhibit A- 2) consisted of 
four 5/8" by 6" acme screws with friction plugs which screw into nuts 
welded to the 1311 frame. The field engineer was to raise the 1311 on 
the leveling screws, remove the casters, and then lower the machine so 
that the leveling screws averaged about 1 1/2 H below the frame. Acme 
threads were used because their large lead angle minimized the time 
required for this operation. The San Jose plant was purchasing these 
screws and nuts from IBM's Endicott facility at a cost of $12.50 per screw- 
nut assembly. 

The first thing that struck Ken Ravizza was that the present 
leveling assembly was overpriced. He checked past records and found 
that there had been a bookkeeping error and San Jose was paying the 
model price rather than the production price. This resulted in an instant 
cost reduction to $4.44 per assembly ($2.62 per screw and $1.82 per nut) . 
With this as their starting point, Ravizza and Hallstrom applied their 
newly acquired Value engineering technology to the leveling screw design. 

Although many definitions exist for Value Engineering, L. E. (Ed) 
Sheldon and M. A. (Bert) Johnson refer to it as "an organized discipline 
for achieving the lowest cost without sacrificing the standards of quality, 
performance, reliability and appearance." It is this concept that IBM's 
Value Engineering course tries to establish as part of their students' 
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approach to problem solving. Value engineering technology should blend 
with other technologies to become part of all engineering design. In 
fact the basic steps of value engineering are similar to those of design 
or problem solving with the concept of cost interacting with those of 
function and quality. They are 

1 . Identify the Function 

a. What is it? 

b. What is required? 

c. What does it do? 

d. What should it do? 

2. Evaluate the Function 

a. What should it cost? 

b. What does it cost? 

3 . Develop Value Alternatives 

a. What else will do the job? 

b. What will these cost? 

4. Determine Best Value Alternatives 

a. Which one provides the desired requirements at the lowest 
cost? 

5. Implement Best Value Alternatives 

6. Follow Through to Completion 

An expanded outline along with further value engineering concepts are 
presented in Exhibit A-2. 
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Value Engineering as it is presently practiced started at the 
General Electric Company in 1946 under the direction of Lawrence D. 
Miles. 1 Miles is reputed to have walked into his boss's office and 
asked, "Doesn't anybody here care about what things cost. 11 From that 
statement, Miles and a small group of General Electric engineers devel- 
oped the methodology of Value Engineering which has resulted in an esti- 
mated $200 million savings in its first 17 years at General Electric. 
Considerably more money has been saved throughout private industry and 
in the Department of Defense through the utilization of Value Engineering. 
In one of his early Value Engineering jobs, Mr. Miles reduced the cost 
of a quantity part used in General Electric' s Telechron Clock Motor from 
1/3^ to 1/5^. This cost reduction of . 13jd/part resulted in an annual 
savings of $112,000. His methods have resulted in considerable savings 
for the Armed Forces and Miles was awarded the Navy's Distinguished 
Public Service Award for his work in developing an office of Value Engineer- 
ing in the Navy's Bureau of Ships. 

IBM's San Jose plant began utilizing Value Engineering in 19 57 
and in 1963 Value Analysis, Inc. , a private consulting firm, presented 
the first Value Engineering Seminar at the San Jose site. Since that time, 
IBM's Education Department has presented forty -four Value Engineering 
Seminars under the direction of Bert Johnson and Ed Sheldon. These 
courses present the concepts and techniques of Value Engineering and 
then have the students apply their newly learned technology to selected 
problems. The problems are selected from existing IBM components or 

1 Sfifi Techniques of Value Analysis and Engineering by Lawrence D. Miles, 
McGraw-Hill. 
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practices and over the years, over 300 cases document possible savings 
which average 3 7%. These cases also verify Miles findings that even 
small cost reductions arc: important on hi;ih prudiit lion rompononts . 



4 



SESSION E-2 



VALUE ENGINEERING * A WORKING TOOL OF INDUSTRY* 

ECL -±o7A 

MilaA. Johnson, Advisory Engineer 
Loren E. Sheldon, Training Coordinator 

Internationa I Business Machines Corporation 
Systems Development Division 
San Jose, California 



ABSTRACT 

Six basic steps are presented as an effective, organized approach 
to value engineering. These steps are directly applicable to hardware 
design, procurement, and manufacture, and may be used in other facets 
of business endeavor, including processes and procedures. This proven 
approach achieves lowest cost oy identifying and evaluating the func- 
tional product requirements, and satisfying these requirements through a 
selection of suitable value alternatives . 



INTRODUCTION 

No small number of directors have seen their companies fold be* 
cause, far one reason or another, they have been unable to compete with 
others in their field. Some of these companies might be in business today 
if they had been aware of, and used, a valuable working taol of industry; 
value engineering . 

What is value engineering? It is simply this: an organized ap- 
proach for achieving the lowest cost, without sacrificing the standards of 
quality, performance, reliability, and observable appearance. This 
combination mokes a product enviably competitive. Because value engi- 
neering is easily applied, countless companies, as well as all of our 
armed services, have benefited from the philosophy since it was intro- 
duced by Mr. Lawrence D. Miles shortly after trie clase of World War II. 
Their combined savings have run into millions of dollars. 

When value engineering is applied In depth ond followed dili- 
gently, it involves doing the job in the best possible way. This does not 
imply that other disciplines no longer have a ploce. Volue engineering 
is general in nature ond furnishes the framework into which other disci- 
plines which have proven advantageous can be fitted. Furthermore, it 
provides tested techniques which keep the users on course, and for the 
first time puts requirements in terms of function and then determines the 
value of the function. 

Before proceeding to describe the working intricacies of value 
engineering; let us consider the results ane can expect from its use. If it 
is applied to a product, one can expect ta get a quality, low-cost 
product that will perform as intended, be reliable, ond hove the required 
aesthetic value to give it customer appeal . If it is applied to a process 
or service, one can expect quolity and low-cast results with no degrada- 
tion in the end product of the process or in the service rendered. The 
final outcome should be (I ) more sales ar business, (2) higher wages for 
employees, (3) greater returns to the stockholders, Ond (4) more congenial 
business relations. 



VALUE ENGINEERING - THE DISCIPLINE 

What gives value engineering its organized approach? In our 
case it is an outline which we have chosen to call "The Six Basic Steps" 
(see Figure la-f). In his book on the subject, 1 Mr. Miles introduces the 
basic steps and gives three . We have taken these three and hove added 
three more to complete the outline. The "Six Basic Steps" are: 

Identify the Function (Figure la) 

In this step you gather all possible information pertaining to the 
particular item, process, or service you are starting to value engineer. 
You osk yourself the questions: (a) "What is it? " and (b) "What does it 
do?" Or, if it is not yet in existence, (a) "What is required?" and 
(b) "What should it do?" Before going on to Basic Step *2, stop here 
and summarize "identify the function" by generating two-word descrip- 
tors, made up of a verb and a noun, which describe the functions of the 
item. These are in turn classified as either primary functions or secondary 
functions. As an example, let us assume you are designing a tie clasp. 
The primary functions would then be secure tie and enhance appearance . 



Evaluate the Function (Figure lb) 

In this step you put a dollar value on the combined functions ar- 
rived at in Basic Step 'l. You ask yourself, "What should it cost?" 
(i.e., what is its functional value ?). Functional value is the lowest cost 
at which you feel you can obtain something to satisfy the primary func- 
tion or functions and the necessary secondary functions reliably. It is 
determined hypothetically, based on your own knowledge and post 
experience. It is the target for which you shoot. 

If a solution to the function presently exists, you can ask your- 
self, "What does it cost?" If investigation shows that the answer ta this 
question is close ta what you felt was the lowest cost for obtaining the 
function or functions, you already have good value and should proceed ra 
investigate the next item, starting with Basic Step 'l . 

Develop Value Alternatives (Figure 1c) 

You are now ready to come up with other methods of satisfying 
the function or functions. You ask yourself, "What alternatives will da 
the job?" and "What will these cast?" This is where you become crea- 
tive and really make your effort pay off. From Basic Step * 1 , yau know 
what you want, and Basic Step *2 has given you the cast target for which 
you will be shooting. Of course, you will be trying to obtain the 
function or functions at even o lower cost. 

Creative problem salving is a subject in itself and, if mastered, 
could be profitobly applied at this point. Possible approaches include 
utilization of checkl ists, multidimensional arrays (see Figure 2), and 
brainstorming . 

Determine Best Value Alternative (Figure Id) 

In this step the most promising solutions af Basic Step *3 are taken 
and evaluated further. Detailed information and costs are obtained. 
Cost estimotors, purchasing, vendors, and specialists are called upan as 
required. When you complete this step, vou hove all the information 
necessary at hand to confidently answer the question, "Which one 
provides the desired requirements at the lowest cost?" 

Implement Best Value Alternative (Figure le) 

To stop after Basic Step *4 would probably mean thot, although 
most of the work has been done, no results will be forthcoming. The in- 
dividual who has done the work thus far and wha has the greatest 
confidence that a goad value-engineered solution has been arrived at 
should be the one to see thot his solution is implemented. 

Follow Through to Completion (Figure If) 

Even after implementing, which often means getting the engi- 
neering change out, writing a letter, or ordering parts, many goad 
solutions can be sidetracked or overlooked. Each job should be checked 
up on periodically until finally completed. Only in this way can one be 
sure that maximum value is realized. 



♦This paper describes the basic steps presented by the authors 
In the Value Engineering Seminar (Session E2). EXHIBIT A~ 1 
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Value = P er f° rmQnce + Appearance (Esteem) 

Cost to Buy 

Good value is relative to the state of the art. What is excep- 
tional value today may be marginal value in one year because 
of technology , material, or process evolution. 

A comparison between the Value Engineering approach and routine 
Cost Reduction activity is given below: 



Cost Reduction 

Emphasis on part 
Sporadic activity 
Committee action 
Experience and judgement 
Accounting oriented costs 
Responds to need 



Value Engineering 

Emphasis on function 
Continuous activity 
Formal organization 
Systematic approach 
Oriented to economic value 
Planned initiation 



Value Principles for Designers 

It is widely understood that the fundamentals of VE are general 
in nature and can be applied to all phases of business as well as to 
personal endeavors. Also, VE provides an excellent framework into 
which other design disciplines can be fitted. Seemingly, one could not 
ask for a more ideal situation. However, in order that VE can be focused 
directly upon design and the full dynamic impact felt, certain principles 
are needed by designers. These principles are: 

1. Challenge all requirements and specifications. 

2. Satisfy functions with simpler designs. 

3. Employ standardization whenever economically justified. 

4. Avoid re-inventing available specialty items. 



EXHIBIT A-l 
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5. Design for ease of manufacturing. 

6. Utilize lowest cost appropriate material. 

7. Specify suitable inexpensive surface finishes. 

8. Purchase lower cost commercial items. 

9. Select custom suppliers for best values. 

10. Design for optimum tool and best processes. 



EXHIBIT A-l 
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VALUE ENGINEERING APPLIED TO AN IBM LEVELING SCREW (B) 

After learning the methodology of Value Engineering, Charles 
Hallstrom and Ken Ravizza progressed quickly and easily through their 
leveling screw redesign. Their first step was to identify the function of 
their component. In the case of the 1311 leveling screw, their two-word 
descriptor was "level machine." They then had to evaluate the function. 
Considering that the 1311 weighed about 400 lbs. and that it would be 
leveled only a few times in its lifetime, a couple of dollars seemed to be 
a reasonable price for this function. However, with four leveling screws 
per machine, IBM was now paying $17. 76 for the leveling function. This 
large discrepancy in value vs. cost indicated that alternative solutions 
should be investigated. 

The present design allowed the head of the screw to swivel to 
match irregular surfaces and with six threads per inch it was quick to 
adjust. 

The first alternative investigated was a carriage bolt and nut. 
A 1/2 - 13 bolt was selected primarily because it was a standard shelf 
item; however, it would result in slower leveling than the six threads per 
inch of the acme screw. Ken and Charles felt that this change could be 
tolerated by the field engineer. The lower lead angle of the screw and a 
lock nut was sufficient to prevent slippage and a snap-on nylon cap 
would be added to the screw to allow low friction between the screw and 
the floor during adjustment. After checking with manufacturers they 
found that their design could be supplied for 56.5jd for each screw and 
nut assembly. They considered tapping the frame but felt that the labor 
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cost in the tapping would exceed the cost of a nut and welding. Ken and 
Charles were convinced this would be the lowest cost functional alterna- 
tive and decided against further investigation. They presented their 
Value Engineering project (Exhibit B~l) and recommended that it be imme- 
diately implemented to the remaining 1311 machines at a very large total 
savings. Because they were in a classroom situation, Ken and Charles 
were only able to progress through the first four steps of VE. However, 
the potential savings of their redesign encouraged IBM management to 
assign Bert Johnson to follow up on the concept and to have it implemented. 

Bert discovered that carriage bolts with cold upset heads were 
commercially available. This bolt had a square section immediately below 
the head (Exhibit B-2) , which facilitated using a wrench. For a small 
additional cost the head diameter could be made to meet Berts +.01 ,-.000 
tolerance and he designed a snap-on nylon cap to interface the screw with 
the floor. Bert had a nylon cap machined to test his concept. His primary 
problem was getting the cap onto the head. It would not push on and he 
was afraid a hammer would cause a peak shock load which could break 
the nylon. Therefore, he set up a quick press fixture constructed primarily 
of 2 x 4's and pressed the cap onto the bolt. 

In evaluating this design with Joe Sheredy, the Program Manager 
of the 1311 , it came to light that, because of the number of revolutions 
needed to level the machine, it was unacceptable. Bert decided to ask 
the bolt manufacturers about the possibility of getting double-lead 
threads on the bolts, which would give him an effective 6 1/2 threads 
per inch. When the manufacturer stated that double-lead threads could 
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be supplied at no additional cost, the change was made. Bert then 
contacted a plastics manufacturer to cast the caps (Exhibit B-3). The 
new cap had a curved bottom surface to help the leveling screw conform 
to irregular surfaces and it snapped easily onto the bolt. When parts 
to the new design were obtained, Joe Sheredy had machines fitted and 
thoroughly tested. The new design leveled the machine properly, and no 
slippage occurred. Having been accepted, they were released as an 
Engineering Change for use on all future 1311's. 

It is interesting to note that further Value engineering was per- 
formed on the leveling screws when they were being redesigned for use 
with the 2314. The function of the screw length on the 1311 was to allow 
the machine to be raised for removal of its casters and then lowered to 
its level position. However, on the 2314 it was only necessary to raise 
the machine sufficiently to remove the weight from the casters. With 
this function removed, the leveling screws were shortened realizing 
another cost reduction. 

This design was not only used on the 1311 and 2314 but on many 
other components throughout IBM's international organization. Their 
usage over the years has resulted in well over a million dollars in savings. 
With a start like this, it is no wonder that Value Engineering is at IBM 
to stay. 
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REQUEST FOR ENGINEERING CHANGE 



FOR ORIGINATING DEPT. - A„ ^ 



SUGGESTION NO- 
SERVICE REQUEST 



MACH. 
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PLANT 
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BY 
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» DATl 
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M/S DEPT. NO. 



PROJ. NO. 
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CONTROL CARD 
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_/-_/_ 
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SCREW JACK 

Engineering Change Drawing 



Nut : See attached sheet for drawing 

Type : Projection weld nut (MF Company) 

with pilot and two-way self locking feature 

Size : 1/2" - 13 

Material : Low carbon steel 
Mfg. Part No: 2369 



Bolt: 



Glide cap: 




Plated 
(IBM Specs) 



Type: Machine bolt 
Size: 1/2" - 13x6" 
Material: Steel 



Recess slightly for bolt head 



Type : Plastic cap 

Material : Nylon 

Size : 1/4" larger diameter than bolt head 1/4" thick 

Fastening : Epoxy or similar material 
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Bolt Fastener 



z 



1/4" Plate 






o 







"MF" Nut #2369 
Weld 




/ V V V V VVV^J 



V 



k - V ^ ^ 



z 



Sheet metal frame 



Bolt Fastener - Alternate 



1/4" Plate i-L-iJ 



Lock nut 1/2-15 
Flanged weld nut 




Sheet metal frame 



Epoxy 
resin 



EXHIBIT B-l 



page 4 of 5 



ECL 187B 



Pilot W.ld Nut 



Pilot Weld Nut 
with Two-Woy 
Locking Feoture 



RecasifidWeld Nut 



Ml weld nutt ore ovoiloble with MF Two-Woy faking feoturo 
if dciired. Weld null to ipeeiol thopei and dim^»ion» upon 
rcqueit. 



MF Projection Weld Nuts arc engineered for simplification of assem- 
bly of many products. Welding of nuts to various sub-assemblies 
permits using- screws or bolts in the main assembly without need for 
holding nuts from turning (often eliminating the extra time and labor 
required to hold the nut or bolt from turning). Also, design can be 
completely changed by locating weld nuts where it would be impossible 
to use other nuts. 

PILOT TYPE Projection Weld Nuts have a pilot that automatically 
locates them in holes punched in the sub-assembly, eliminating any 
need for jigs, special locating fixtures or measurements. Pilot also 
forms a positive barrier between weld and threads, preventing any 
weld spatter in the threads. Special pilots available on request. 

RECESSED TYPE Weld Nuts have a recess around the hole to eliminate 
closing the nut threads by weld flow or spatter— no retapping needed 
— no delays or annoyances on assembly line. 
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Material: Low carbon steel. 

Dimensions: Dimensions in accompanying table 

arc full thickness (for full strength) of standard 

nuts. 

Threads: Unified coarse or fine threads Class 
2B (See A.S.A. Bl.l 1949) in stock. Special 
threads available. 

Ordnance: Kor pilot, type shown on Ordnance 
Print I3BNX5. For recessed, type shown on 
Ordnance l'rint BBXX4.1. 

Twa V/oy Locking: This MF feature is available 
for each type Weld Nut. 
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EXHIBIT B-3 
Plastic cap drawing. 



